Results: Six lower quality retrospective studies (evidence level III) met the inclusion criteria. The risk of wound complications in patients with 3 level posterior spine fusion ranges from 1.5% to 3.7% depending on the definition of wound complications. Skin closure with sutures resulted in fewer wound infections compared with staples (0.0% vs 8.0%, P ¼ .023). We were unable to demonstrate an association between the number of levels fused and infection risk. Wound infections, primarily superficial, occurred less frequently with Silverlon dressing versus routine dressing.
Introduction
Wound complications represent a significant risk factor in spinal sugery, particularly in complex multilevel procedures. Surgical site infections (SSI) are the most common health careassociated infection, accounting for 31% of all hospitalized patients with a health care-associated infection. 1 The reported incidence of SSIs following spine surgery ranges from 0.2% to 18.8%. [2] [3] [4] The main goals of wound closure are to enable rapid skin healing, to minimize the risk of infection, and to facilitate early mobilization while allowing an acceptable cosmetic result.
Most common skin closure methods in orthopedic surgery make use of sutures and staples. 5 The mechanical equivalence of stapled and sutured wounds have been shown in animal studies. Furthermore, this study states that stapled wounds are less time consuming and narrower, which was associated with less inflammation than sutured wounds. 6 However, clinical studies in various nonorthopedic specialties described staples as preferred choice because it is faster and has lower inflammation compared with sutures, but failed to show a difference in cosmetic appearance or patient satisfication. 7, 8 Though a number of studies evaluating skin closure methods have been reported in the orthopedic literature, there is no consensus on the optimal wound closure type or technique following traditional midline open posterior spine fusion surgery. The results and conclusions are conflicting implying a higher risk of infection with staples, whereas others state a higher infection risk with sutures. 5, 9, 10 The aim of this sytematic review is to answer the following clinical key questions (KQs):
Clinical Questions Analysis. Incidence of wound complications and the "rule of 3" standard deviation estimation for studies where zero events were reported for an outcome.
11,12
Overall Strength of Evidence. The overall strength of evidence across studies was based on precepts outlined by the Grades of Recommendation Assessment, Development and Evaluation (GRADE) Working Group. 13, 14 Study critical appraisals and the reasons for upgrading and downgrading for each outcome can be found in the online supplementary material.
Results

Study Selection
We identified 6 studies meeting inclusion criteria, all were poor-quality retrospective studies, class of evidence (CoE) level III. Figure 1 shows the inclusion/exclusion of articles from the search. CoE rating and a list of excluded articles can be found in the supplemental material at http://www.aospine .org/ebsj.
Risk of Wound Complications in 3 Levels of Posterior Spine Fusion
Three studies report cumulative incidence of wound complications following 3 level posterior spine fusion (Table 1) . [15] [16] [17] Mean ages ranged from 59 to 64 years with the proportion of males ranging from 39% to 68%. Follow-up times for 2 studies were 1 month and 2 years. 15, 17 One study reported only deep infections (0.9% for 3 levels, 2.3% for 4 levels, P ¼ .055) 16 ; 1 study reported superficial, deep and organ/space infection (2.1% for 3 levels, 0.0% for 4 levels) 15 ; and 1 study included wound dehiscence, superficial, deep and organ/space infection (3.7% overall). 17 
Wound Closure in the Obese
Our search did not reveal any studies comparing wound closure techniques for obese patients undergoing posterior spine fusion.
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Global Spine Journal 8 (5) Comparison of Different Skin Closure Two lower quality studies compared different suture materials 18, 19 and 1 study compared different wound dressings (Table 2) . 20 All were retrospective cohort studies with nonconcurrent controls. Mean ages ranged from 49 to 65 years with the proportion of males ranging from 48% to 64%. One study included surgeries with multilevel fusion, 19 1 study included only 1 or 2 level fusions, 20 and 1 study did not specify the number of levels fused. 18 In 1 lower quality study, 19 wound closure by sutures using 2-octyl-cyanoacrylate resulted in no wound infections compared with 7 (8.0%) in those receiving staples, P ¼ .023. Five of 7 (71%) wound infections in the staples group were deep infections. Though the proportion of patients with deep infection increased as the number of levels fused increased, the test for a linear trend was not statistically significant. One small study compared triclosan-coated suture with noncoated suture. 18 The investigators reported no infections (0/30) in the triclosan-coated suture group versus 2.8% (1/36) deep infections in the noncoated suture group.
One limited quality study 20 reported more wound infections in postoperative patients treated with routine dressings versus "Silverlon" (Argentum Medical, LLC, Lakefront, GA), 10.9% versus 0% (P ¼ .000). Most of these infections (79%) were superficial infections.
Illustrative Case
A 63-year-old male patient with an extensive wound complication after major posterior fusion surgery ( Figure 2 ). Wound healing was impaired and most of the wound was dehiscent. The patient underwent hyperbaric oxygen therapy for 6 months at an outside facility before being transferred for further treatment. Revision surgery required pulsatile lavage, extensive debridement of the wound bed, and a muscle flap performed by plastic surgery (not shown).
Discussion
Wound complications after spine surgery remain a common source of morbidity with negative impact on patients recovery. 21 Closure techniques in spine surgery are typically performed by surgeon preference, with little or no consensus described in the literature for specific closure types.
For traditional open posterior midline approaches, we were unable to demonstrate that the risk of wound complications varied by the number of level fused. Given that wound infection, particularly deep infection, is relatively uncommon, our findings may be the result of the low power in the 2 studies comparing risk of infection by level.
While it is considered important in proper surgical technique to reconstruct the fascia, we found no data supporting a 21 retrospectively compared a nonstandardized closure technique (n ¼ 42) with a plastic surgery multilayered technique (n ¼ 34) in patients with adolescent nonidiopathic scoliosis. The wound complication rate in the nonstandardized closure group was significantly higher. Note that the multilayered technique was performed by a plastic surgeon and the nonstandardized closure technique was not further described. In a randomized trial, Trimbos et al 22 compared interrupted and continuous suture fascial closure in patients who underwent a midline laparotomy and found no difference in terms of wound infection or dehiscence. Prospective randomized controlled trials comparing various closure types would be optimal to determine the best closure method to minimize the risk of wound complications; however, given the relatively low number of such events, a high number of patients would need to be enrolled and such a study may not be feasible in practice.
While some studies describe the negative impact of obesity (BMI >30 kg/m 2 ) on surgical treatment and outcomes, we were unable to identify any studies describing the effect of subcutaneous wound closure technique in the obese after posterior spine surgery. The extra adipose tissue involved in superficial closure has been thought to contribute to higher wound complications in the past. 23 In their meta-analysis, Meng et al 24 reported a higher risk of surgical site infection in obese patients (odds ratio [OR] ¼ 2.13; 95% CI ¼ 1.55-2.93). Likewise, Fei et al 25 reported a 2 times greater risk for surgical site infection in spine surgery patients with a BMI >35 kg/m 2 . Furthermore, there is some evidence to suggest that the skin-to-lamina distance and the thickness of the subcutaneous fat are positively associated with surgical site infections. 26 Therefore, it is our contention that minimizing of the subcutaneous dead space may be helpful to reduce wound complications and surgical site infections. Future studies are needed comparing different types of subcutaneous wound closure (interrupted vs running suture material) and fascial closure techniques in obese patients following posterior spine fusion.
The discussion about sutures versus staples remains controversial. In their systematic review, Krishnan et al 27 showed that there was no significant difference in superficial infection or secondary outcomes comparing sutures to staples in patients who underwent hip or knee surgery. In a meta-analysis of nonorthpedic conditions, Iavazzo et al 10 reported a lower rate of wound infections and decreased wound closure time for staples. However, Ando et al 19 showed a significantly higher wound infection rate for stapled wounds following posterior spine fusion compared with subcuticular closure followed by 2-octyl-cyanoacrylate glue. Nevertheless, all these studies provide poor evidence with very high heterogeneity. Different surgical approaches may benefit from different wound closure mechanism and therefore there is a need to explore current evidences on ideal wound closure mechanism.
While the analysis of antibiotic-coated suture (triclosancoated vs noncoated suture) did not show a significant difference in wound infection rates, the comparison of different dressing types did show a significantly lower infection rate in patients treated with "Silverlon" (Argentum Medical, LLC, Lakefront, GA) dressings compared with routine dressing (0.0% vs 10.9%, P ¼ .000). These results are supported by the fact that silver as an antimicrobial topical substance has been previously shown to reduce wound complications in other fields. 28, 29 Evidence Summary (Table 3) The risk of wound complications in patients with 3 levels of posterior spine fusion accomplished through a traditional posterior midline surgery was 1.5% in 1 study when complications were defined as deep infections; 1.8% in 1 study when wound complications were defined as superficial, deep or organ/space infection; and 3.7% in 1 study when wound complications were defined as wound dehiscence, superficial, deep or organ/space infection (strength of evidence very low). Deep wound infection occurred more frequently in patients with fusion 4 levels (2.3%) versus 3 levels (0.9%), but failed to reach statistical significance, P ¼ .055 (strength of evidence very low). There was no evidence assessing types of fascial or subcutaneous closure techniques in obese patients undergoing posterior spine fusion. Wound closure using 2-octyl-cyanoacrylate resulted in no wound infections compared with 7 (8.0%) in those One poor-quality study reported fewer wound infections in postoperative posterior spine fusion patients treated with "Silverlon" (Argentum Medical, LLC, Lakefront, GA) dressings versus routine dressings, 0.0% (0/106) versus 10.9% (14/128), P ¼ .000. Most of these infections (79%) were superficial infections (strength of evidence very low).
Conclusions
The risk of wound complications in patients with 3 level posterior spine fusion ranges from 1.5% to 3.7%. We were unable to determine if infection risk changed with increasing number of levels fused done through conventional posterior midline surgery. There is a lack of evidence for an optimal wound closure technique in posterior spine surgery. Several questions remain unanswered, such as the optimal fascial closure technique or the optimal subcutaneous closure technique in obese patients.
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